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Abstract

Introduction

Background: Procedures involving release of the third dorsal
wrist compartment have been thought to transpose the
extensor pollicis longus (EPL) tendon from its anatomical
position. Few studies, however, have reported on the effects
this might have on function and mechanics of the thumb.
We analyzed the impacts of intact extensor retinaculum,
release of the third dorsal compartment, and removal of
Lister’s tubercle on thumb extension.
Methods: A total of 15 fresh-frozen cadaveric upper
extremities (eight male, seven female; mean age, 52 years;
range, 38-59 years) were used. For each specimen, three
phases of testing were analyzed: the extensor retinaculum
was intact, third dorsal compartment was released,
and Lister’s tubercle was released. Force-displacement
measurements were obtained to determine maximum
extension and stiffness of the thumb by applying 1 N
increments on the EPL until full extension of the thumb
occurred. A one-way analysis of variance was used for
statistical comparison.
Results: In 14 of 15 specimens, the EPL tendon
transposed during the first trial after release of the extensor
retinaculum. No significant difference in mean maximum
extension or stiffness of the thumb was found (P = 0.45 and
P = 0.74, respectively).
Conclusion: Functional loss of thumb extension may
not occur with EPL transposition after release of the third
dorsal compartment or removal of Lister’s tubercle. In
patients with weakness in thumb extension, repairing the
third dorsal compartment or creating a new pulley may not
be effective.

The extensor pollicis longus (EPL) is a muscle in the dorsal
forearm and originates from the middle third of the ulna
and dorsal aspect of the interosseous membrane. The EPL
tendon functions as an extensor of the distal phalanx,
contributing to extension of the proximal phalanx and
first metacarpal.1 Additionally, its unique anatomical route
allows for adduction at the thumb carpometacarpal (CMC)
joint.2 Cadaveric studies have described EPL assistance in
extension, adduction, and supination of the CMC joint.3,4
Notably, the EPL is the only extensor tendon that has
an angular route from its origin to insertion.2 The tendon
courses deep into the extensor digitorum communis,
passing immediately ulnar to Lister’s tubercle (or dorsal
tubercle of the radius) and angling obliquely toward the
thumb to exit the third dorsal compartment of the wrist.
The location of Lister’s tubercle can vary but serves as an
important anatomical landmark in wrist examination and
surgical treatment.5
Dorsal approaches to the wrist and operative procedures
(eg, tenosynovectomy,6 prophylactic decompression,7 and
disruption of Lister’s tubercle8 by dorsal plating of distal
radius fractures, wrist fusion, or bone-graft harvesting)
have commonly involved release of the third dorsal
compartment. However, little has been written about the
possible effects of these techniques on subsequent thumb
function. We separately evaluated the effects of a still-intact
extensor retinaculum, followed by release of the third dorsal
compartment, and followed by removal of Lister’s tubercle
on EPL function as an extensor tendon. We hypothesized
that releasing the normal anatomical manipulators of the
route would decrease displacement of the EPL during
extension of the thumb.
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Methods
Fifteen fresh-frozen human cadaveric upper extremities
(sectioned mid-humerus) were studied. Eight specimens
were male and seven female, aged an average of 52 years
(range, 38-59 years). A custom aluminum fixture was
created to secure each forearm for testing, with the ulnar
side of the hand secured against the base plate and the wrist
held in a neutral position. The fingers were positioned to
allow for free range of motion and subsequent measurement
of thumb extension in an axis perpendicular to the base
plate (y-axis).
The specimens were kept frozen at -20°C and thawed
to room temperature before testing. For each specimen, a
longitudinal incision was made directly over the third dorsal
compartment, extending 6 cm proximally. The incision
continued down to the level of the extensor retinaculum
that was carefully preserved. Braided polyester suture
was secured to the EPL tendon, proximal to the extensor
retinaculum, using a locked Krackow suture technique,
after which the specimen was mounted to the base plate. A
mark was placed with indelible ink on the tip of the thumb,
volar to the nail plate. The thumb was manually moved
into flexion and extension positions to ensure smooth,
unencumbered motion. The suture attached to the EPL
tendon was secured to a linear force transducer.
The specimens were first analyzed with an intact
extensor retinaculum. In the second phase, the third dorsal
compartment was released and the extensor retinaculum
over the third dorsal extensor compartment was divided
just ulnar to Lister’s tubercle. A small hemostat was placed
into the fibro-osseous tunnel to protect the underlying
EPL tendon, and the retinaculum was sharply incised
using a scalpel. In some specimens, varying amounts of
synovial attachments were identified between the EPL and
the sheath; however, these attachments were not released
and we decided to observe any possible effect on our data
collection. In the third phase, Lister’s tubercle was released
using a small rongeur. The bony surface was made flat and
contiguous with the dorsal surface of the distal radius.
For each phase studied, the resting flexed position
of the thumb in the y-axis was measured. Additionally,
displacement of the tip of the thumb in the y-axis was
measured, and this value was subtracted from the resting
thumb position to determine incremental displacement.
The force-displacement data were obtained by applying 1
N increments of tension on the EPL until full extension of
the thumb was produced, defined as no displacement after
three successive increases in force. This was repeated twice
to obtain a total of three data sets for each specimen. The
mean of the three data sets was used for comparison.
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Outcome measures were the mean values of maximum
extension and stiffness (force-displacement ratio at the
most linear region of the curve) of the thumb. A graph was
plotted that compared the averaged force-displacement
data for each phase and a one-way analysis of variance was
used for statistical comparison of results.

Results
Mean (SD) values were obtained during each phase.
Extension of the thumb was 63.20 mm (20.96 mm) with
an intact extensor retinaculum; 70.53 mm (19.58 mm) after
release of the third dorsal compartment; and 72.33 mm
(19.63 mm) after removal of Lister’s tubercle. In the same
order, stiffness was 0.07 N/mm (0.03 N/mm); 0.06 N/mm
(0.02 N/mm); and 0.06 N/mm (0.02 N/mm). No significant
difference in mean maximum extension or stiffness of the
thumb was found between the three phases (P = 0.45 and
P = 0.74, respectively). A representative force-displacement
plot of thumb extension for each testing phase is shown in
Figure 1.

Figure 1. Representative force-displacement plot shows results with
intact extensor retinaculum (ER; blue), followed by ER release (red),
and followed by Lister’s tubercle release (green).

Synovial attachments were often observed between
the EPL tendon and its fibro-osseous sheath. The degree
of synovial attachment varied among specimens. After
release of the third dorsal compartment, tension was seen
in these attachments as increasing force was applied. The
attachments ruptured at relatively low force (0-3 N) in most
specimens but were sometimes found to effectively tether
the EPL within the sheath at considerably higher force (5-7
N or 12-13 N). When these synovial bands ruptured, the
EPL would transpose from its anatomical position, ulnar
to Lister’s tubercle, to a position dorsal and radial to the
tubercle.
In 14 of 15 specimens, the EPL tendon transposed during
the first trial after release of the extensor retinaculum. In

one specimen, the EPL maintained its position ulnar to
Lister’s tubercle during all three trials after release of the
third dorsal compartment. In this case, the tendon did
transpose radially after removal of Lister’s tubercle and at
the application of 10 N of tensile force, with notable synovial
attachments observed. Once the tendons transposed, no
reduction (ulnar to Lister’s tubercle) was noted, even at rest
and low tensile force in the second and third trials.

Discussion
The complex motion ascribed to the EPL tendon could
be disrupted with release of its constraints around
Lister’s tubercle. Findings from studies have indicated
that transposition of the EPL tendon decreases the arm
adduction moment of the EPL at the CMC joint. A study2
on extensor indicis proprius (EIP) to EPL transfer described
similar cadaveric results but focused only at adduction of
the CMC joint. No biomechanical studies have detailed the
effect of releasing specific constraints on the EPL tendon.
The findings of the current study suggest that no
functional loss of thumb extension occurs with EPL
transposition after release of the third dorsal compartment
or removal of Lister’s tubercle. Contrarily, we observed an
increase in thumb extension at comparable force after EPL
transposition. The reason may be related to a decrease in
friction on the EPL tendon when displaced from its position
ulnar to Lister’s tubercle.
To better understand the etiology of spontaneous
EPL tendon rupture, Kutsumi et al9 studied the gliding
resistance or friction experienced by the EPL tendon within
the third dorsal compartment. Cadaveric specimens were
used to evaluate the differences (which were significant)
between measured gliding resistance of the EPL tendon
and the extensor digitorum communis II tendon within
their respective extensor compartments. Changes in wrist
flexion, extension, and radial and ulnar deviation affected
the amount of friction or gliding resistance measured.
Additionally, a more straight-line pull between the muscle
origin and tendinous insertion may allow improved muscle
function. Shah et al2 examined the change in resting muscle
fiber length of the EPL after transposition, with a mean
proximal tendon migration of 3.0 mm and EPL resting fiber
length of 5.7 cm. The likely effect of this change in fiber
length would be considered minimal.
Repairing the third dorsal compartment after its release
has been reported,10 and one study11 described re-creation
of the moment arm of the third dorsal compartment
when performing an EIP to EPL transfer rather than a
subcutaneous transfer. In a discussion of EPL tendon release
for treating tenosynovitis, Huang and Strauch6 advocated
the technique described by Froimson,12 which involved a

complete release of the EPL from third compartment and
transposition into the subcutaneous tissues. The authors
cited their extensive experience with translocation of the
EPL tendon in this manner and reported no problems with
compromise of EPL function.
Our study suggests that, after transposition of the
EPL, it would be unlikely for the tendon to slip into
anatomical location and function in original position. Once
transposed, the tendons did not displace to their original
position ulnar to Lister’s tubercle, even at rest and at low
force in subsequent trials. This is an in vitro study, however,
with limitations. Clinical correlations need to be made
carefully, and in a clinical situation, the wrist will likely not
be secured in a neutral position and soft-tissue healing and
scarring will occur. Additionally, 1 N incremental force was
applied to the EPL for all loading conditions. There is no
indication that, on release of the EPL from the third dorsal
compartment or from Lister’s tubercle, the muscle would be
able to apply the same level of force without these pulleys
intact. Thumb extension may be limited by the inability for
the muscle to produce this force.
We did find that less force was required for thumb
extension after third dorsal compartment release and after
removal of Lister’s tubercle. In patients with otherwise
normal hand function, this may have little effect in
clinical decision making. But, in patients who already have
conditions resulting in weakness of thumb extension, these
findings may be useful. Efforts to preserve thumb extension
by repairing the third dorsal compartment or creating
a new pulley may not be necessary. However, one might
consider whether an imbalance can be created in patients
with intrinsic or flexor weakness, metacarpophalangeal, or
other joint instabilities. The loss of the EPL as an extrinsic
thumb adductor should be considered in patients with loss
of intrinsic thumb adduction.
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